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Energy Conservation and Green Roofing: Research Proposal 
Throughout my college career and my entire life, I have always been interested in a wide 
variety of topics and subjects. My major, Social Sciences, consists of three different subjects 
areas: Anthropology, Sociology, and Geography. I was not exactly certain what Social Sciences 
was when entering Cal Poly, but I soon became aware that it is about the study of society, 
cultures, and the environment. Social Scientists are required to understand many topics in a 
continuously changing world.  My classes have involved a wide variety of subjects, helping to 
increase my knowledge of a changing planet. 
Throughout the last four years, I have developed a passion for gaining a better 
understanding of our current energy crisis and how it has affected the climate. In this ever-
changing world, society needs to adapt by conserving energy in a sustainable manner for future 
generations to come. One idea that sparked my complete interest to help mitigate the 
environmental effects of a growing population is green-roofing. It is a very innovative way to 
combat the energy crisis along with many other beneficial climatic results.  
My senior project will focus on gaining knowledge about the importance of energy 
conservation and green roofing. I will be writing a research paper involving these subjects and 
will be conducting research mostly through online journal articles. I will be displaying graphs 
and pictures to depict the importance of acting quickly and in a responsible fashion.  
A huge problem today is how we are going to have enough energy to support our 
extremely fast-growing population and development. With so many people, the problem of 
where to put everyone arises. Urban sprawl has been a problem for some time, and by living 
down in Los Angeles I experience this first hand.   I have seen how houses and buildings can be 
built anywhere, even on the steepest slopes. Packing people tightly together, with buildings 
3 
 
popping up everywhere, has shown to have negative effects on the environment. One effect is 
known as the urban heat island because metropolitan areas warmer than surrounding rural areas.  
I have lived and experienced the increased city temperatures, and my increasing knowledge of 
green-roofing can be a very effective way to combat this problem. I will share my acquired 
knowledge and communicate the importance of energy conservation and green-roofing.  
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Annotated Bibliography 
1. Clark, Corrie. “Green Roof Valuation: A Probabilistic Economic Analysis of 
Environmental Benefits Environmental Science and Technology 42.6 (2008): 2155-
161. Academic Search Premier. Web. 12 Feb. 2013. 
 
This article, published in 2008 through Environmental Science and Technology, discusses the 
economic factors involved in the environmental benefits of green roofing. It describes the 
importance of green roofing and the environmental factors that are valued: increased roof 
longevity, reduced storm water runoff, and decreased building energy consumption. These 
environmental aspects are a great way to mitigate the effects of inevitably growing cities, but the 
cost of these roofs may hinder the investment in them. The authors go into detail to describe the 
comparison between installation costs of conventional and green roofs. They discuss the storm 
water fees and reductions affiliated with green roofs. Energy savings through heat flux 
comparisons are also explained. Finally, the article is summed up by the improvement of air 
quality and the economic health benefits associated with green roofing. The depletion of nitrogen 
oxide from the air will reduce premature deaths and chronic bronchitis. The specific details and 
calculations from this study will supply my research with strong economic examples to support 
environmental factors.  
 
2. Tabares-Velasco, Paulo C. “Validation of Predictive Heat and Mass Transfer Green Roof  
Model with Extensive Green Roof Field Data.”  Ecological Engineering 47 (2012): 165-
73. Academic Search Premier. Web. 14 Feb. 2013. 
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This article discusses a study on a heat and mass transfer model using field data from a green 
roof on a commercial building in Chicago. The study introduces the fact that green roofs are a 
new phenomenon and their introduction to the United States only started during the last decade. 
There have been few studies on green roofing, only dating back to 1982, and the article discusses 
the validation of the new research on green roofs. There have been many models describing the 
heat fluxes and surface temperatures, but it is difficult to accurately perform exact field research. 
That is why this study introduces an instrument called a “Cold Plate” that simultaneously 
measures evapotranspiration, radiation, heat flux through the green roof, and spectral properties 
of the plants. The research compares the heat flux of a vegetated roof and non-vegetated roof and 
shows that the plants play a huge role in diverting heat off the roof. The authors feel confident 
that this model will accurately measure green roof performance compared to previous models. I 
can use this study to show the progression of research involved with accurately predicting the 
benefits of green roofs. This improved technology will provide specific numbers on the 
advantages of green roofing.  
 
3. Liu, T. C. “Drought Tolerance and Thermal Effect Measurements for Plants Suitable for  
Extensive Green Roof Planting in Humid Subtropical Climates” Energy and Buildings 47 
(2012): 180-88. Academic Search Premier. Web. 14 Feb. 2013. 
 
This article is designed for beneficial plant selection for future green roofs. It describes a study 
done to investigate the physiology, endurance, and environmental regulatory effects of plants 
suitable for thin layer green roofs. The study is done in Taiwan to enhance plant selection for 
rooftop greening specific to the climate of Taiwan. Even though it is not specific for North 
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America, the article describes the importance of plant selection to make the green roof as 
efficient as possible. When the temperature reduction effectiveness was measured for the plants 
in regard to plant height, the best temperature reductions were in 35 cm plants, followed by 15 
cm, and then 10 cm plants. Green leaf plants also did a better job at temperature reduction than 
purple and red leafed plants. Effectively selecting plants can maximize green building concepts 
such as ecological friendliness, energy conservation, and water conservation.  
 
4. Oberndorfer, Erica. "Green Roofs as Urban Ecosystems: Ecological Structures, Functions, and  
Services." BioScience 57.10 (2007): 823-33. Academic Search Premier. Web. 14 Feb. 
2013. 
 
This article is a general overview of green roofs and describes the benefits and importance of 
them. Starting off with the history of green roofs, the authors describe how the earliest evidence 
of green roofs is considered one of the seven wonders of the ancient world, and now we see how 
roof gardens are being placed in many metropolitan areas around the world. The reader also 
explores green roof vegetation. It goes into detail to describe the importance of selecting drought 
resistance plants. Next, the study describes the ecosystem services provided by the green roofs. 
The article provides specific graphs and diagrams depicting the effects on storm-water 
management, roof membrane longevity, summer cooling, and urban heat islands. The article 
goes on to describe the changes in urban habitat conservation and gives examples of how species 
richness in spiders and beetles has improved. In addition to improving habitats to animals, green 
roofs are also proven to be aesthetically pleasing. The benefits might include relaxation and 
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restoration to improve human health. This article will be very helpful in describing the general 
benefits of green roofing. 
 
5. Zinzi, M. "Cool and Green Roofs. An Energy and Comfort Comparison between Passive  
Cooling and Mitigation Urban Heat Island Techniques for Residential Buildings in the 
Mediterranean Region." Energy and Buildings 55 (2012): 66-76. Academic Search 
Premier. Web. 15 Feb. 2013. 
 
This study shows how buildings have a huge role in climate change and how green roofs can 
mitigate the increasing energy demands. The article discusses four crucial advantages of green 
roofing that include reduction of greenhouse gases, quality and comfort in outdoor and indoor 
environments, security of energy supply, and public health. The research deals with 
Mediterranean climates and how green roofs can improve the energy performance in residential 
buildings. This will be pertinent information in my paper because California generally has a 
Mediterranean climate, and I can take concrete details from this study and relate them to local 
green roofs. My paper addresses energy conservation, and this article has several examples of 
how green roofs compare to standard roofs in energy performance. It will be very helpful 
because it compares different cooling effects of roofs and how to mitigate the urban heat island 
effect.  
 
6. Jaffal, Issa. "A Comprehensive Study of the Impact of Green Roofs on Building Energy  
Performance." Renewable Energy 43 (2012): 157-64. Academic Search Premier. Web. 15 
Feb. 2013. 
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This study addresses several environmental benefits of green roofs, but the main focus of it is on 
energy performance. The paper compares a single family home with a conventional roof and one 
with a green roof in a temperate French climate. Green roofs were proven to have passive 
cooling in the summer time and proven to reduce heat loss on cold winter days. These green 
roofs provide much needed comfort and reduced energy demand during hot and cold periods. 
This paper not only describes the advantages of the green roof, but it also describes the different 
types of green roofs. There are extensive roofs with soil thickness less than 10-15cm, and there 
are intensive roofs with soil thickness greater than 15-20cm. There are different advantages of 
the two different types of green roofs, and they vary according to the climate. This study will be 
a very helpful reference in writing my paper because it deals specifically with the energy 
performance of green roofs. 
 
7. Stellin, Susan. "Reducing Your Carbon Footprint." New York Times 17 Feb. 2013:  
 6(L). Academic OneFile.Web. 21 Feb. 2013. 
 
This article is a very general article on how to reduce one’s carbon footprint. It states that while 
policy is needed, so is a change in homes. This article is very current and was published this 
month, and it makes people want to change their attitudes towards energy consumption. It is a 
really good guide including many tips as to how one can improve their energy performance. An 
example from this article is explaining that a typical home water heater should be set to 120 
degrees Fahrenheit, and refrigerator should be set at about 35-38 degrees, and a freezer around 0 
degrees. These may sound like minuscule changes, but I really want to emphasize the importance 
of energy conservation in my research paper. Another way that this article relates to my paper is 
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because it states how New York just passed the “Zone Green” amendment, making it easier to 
build environmental friendly home improvements. These improvements are things like green 
roofs! 
 
8.Gregor, Alison. "Healthier Eating Starts on the Roof." New York Times 8 Apr. 2012:  
 7(L). Academic OneFile.Web. 21 Feb. 2013. 
 
This article deals with an alternative to green roofing. Gardening on the rooftop instead of a 
complete green roof can be a great way for people to take advantage of their roofs. Although 
extensive and intensive green roofs have many environmentally beneficial advantages, it may 
take away from much needed space from city residents. This article shows how people living in 
New York City have used their rooftops as gardens to eat healthy and as an extracurricular 
activity. Gardening has been proven to lower stress and also allows for city residents to acquire 
healthy fruits and vegetables. This may be an excellent alternative to green roofing.  
 
9. Getter, Kristin L., and Bradley D. Rowe. "The Role of Extensive Green Roofs in Sustainable  
Development." HortScience 41.5 (2006): 1276-285. Academic Search Premier. Web. 15 
Feb. 2013. 
 
This article discusses how there is such a dramatic change in the environment because forests, 
agriculture fields, and rural areas are being transformed into impervious surfaces like buildings 
or parking lots. This loss of natural green space is detrimental to the environment and local 
ecology, and green roofs can mitigate these effects. The environmental benefits of green roofing 
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include storm water management, energy conservation, mitigation of the urban heat island effect, 
increase longevity of rooftop membranes, as well as providing a more aesthetically pleasing 
urban environment. I feel like many of the other articles I have read do not go into this last 
effect: being aesthetically pleasing. Green environments have been proven to reduce stress, lower 
blood pressure, muscle tension, and increase positive feelings. Green roofs in cities can magnify 
these effects for many businesspeople and city residents.  
 
10. Stone, Daniel. “Urban Heat May Warm Faraway Places.” National Geographic.Jan. 2013.  
National Geographic News.25 Jan. 2013. 
 
This National Geographic article describes the urban heat island effect. Climatologists have been 
aware of this urban warming effect but are now finding that it is traveling far distances to more 
rural areas. Heat from cars, businesses, technology, and people can travel up to 2,500 feet into 
the atmosphere, which is transported by global air flow patterns. The concentration of major 
metropolitan areas in the northern hemisphere is adding to this urban heat island effect, and this 
extra heating is mixing with the jet stream. When this warm air mixes with the jet stream, it 
pushes warm temperatures into the higher latitudes. A very interesting fact from this article 
dealing with energy consumption is, “Over the Northern Hemisphere, 86 major metropolitan 
areas cover only 1.27 percent of the Earth's surface. But those areas consume 6.7 terawatts of 
energy annually—representing 42 percent of annual global consumption.” This shows that this 
extreme concentrated energy use has detrimental effects not only cities but the surrounding rural 
areas as well. 
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Energy Conservation and Green Roofing Outline 
 
I. Introduction 
 A. History of energy use and climate change 
 B. Show the need for energy conservation today 
c. Thesis: The mitigating effects of vegetated rooftops are beneficial ways to address the 
environmental and energy challenges in urban areas.  
II. Global Climate Change 
A. Greenhouse effect 
B. Urban Heat Island Effect 
a. factors 
b. causes 
c. examples 
III. Green Reefs 
A. History and origin  
B. Different types 
C. Benefits  
a. Storm water management 
b. Energy conservation 
c. Mitigation of the urban heat island effect 
d. Increase longevity of rooftop membranes 
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e. Providing an aesthetically pleasing urban environment 
IV. Case study 
A. Green Roof vs. Conventional roof in urban environment 
B. Benefits towards the urban heat island effect 
C. Other benefits of case study 
V. Looking towards the future 
 A. New ideas in green roofing 
 B. Showing the importance of education in green roofing 
 C. More beneficial outcomes 
VI. Conclusion 
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Introduction 
In the past, people were concerned with having enough resources to survive individually 
and in a community, but today there is a great unease that the resources used will have negative 
impacts on the environment on a global scale. The threat of global warming has come from 
resource consumption and the emissions of waste products by a perpetually growing world 
population. The Intergovernmental Panel on Climate Change (IPCC) projects that the population 
will grow to about 9.4 billion people by the year 2050. The trend of rural to urban migration has 
also led to increased concentrations of people in cities and suburban areas. The US Energy 
Information Administration (E.I.A.) states that for over 100 years, the dominant energy source 
has been fossil fuels: petroleum, natural gas, and coal. The E.I.A also suggests that world 
consumption will still be dominated by these fossil fuels by at least the year 2035. The use and 
development of new energy sources have been motivated by the observed negative impacts from 
energy waste product emissions, and if the population will be reaching nine billion people in the 
near future, there is a need for change in energy consumption.  
 This immense amount of energy consumption has led to high concentrations of 
greenhouse gasses and aerosols in the atmosphere, which raises global average temperatures. 
Much of this increase is due to industrial activities and anthropogenic changes. A major change 
is that natural habitats have been replaced with human environments and impervious landscapes, 
and, “Before human development began disturbing natural habitats, soils and vegetation 
constituted part of a balanced ecosystem that managed precipitation and solar energy effectively” 
(Getter and Rowe 2006, 1276). This rise in global average temperatures and change in natural 
habitats show the need for mitigating effects in urban areas.  
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Anthropogenic changes in landscape cover have detrimental results on the environment. 
“In the United States, it is estimated that 10% of residential developments and 71% to 95% of 
industrial areas and shopping centers are covered with impervious areas. Today, two-thirds of all 
impervious area is in the form of parking lots, driveways, roads, and highways” (Getter and 
Rowe 2006, 1276). These impervious areas absorb more solar radiation and store more heat 
much better than rural environments. The solar radiation striking many natural environments 
turns the radiation into latent heat of evaporation through evaporation and transpiration. In the 
urban landscapes, more solar radiation is turned into sensible heat because of reduced moisture 
on impervious surfaces and less vegetation. There is a need for change in metropolitan and 
suburban areas because the lack of trees, grass, or water bodies adds to the energy absorption and 
heat storage.  
The loss of natural green space is detrimental to the environment and local ecology, and 
green roofs can help moderate results. “Roofs can represent up to 32% of the horizontal surface 
of built-up areas and are important determinants of energy flux and of buildings’ water relations” 
(Oberndorfer 2007, 823). Changing the landscape of a rooftop to a vegetated roof would have 
benefits such as storm water management, energy conservation, mitigation of the urban heat 
island effect, increase longevity of rooftop membranes, along with an aesthetically pleasing 
urban environment. The altering of the rooftop environment can help reduce negative 
anthropogenic influences, and this project will help explore the aspects for the necessity of green 
roofing.  
Context 
Before learning about alleviating effects of climate change and urban heat island, one 
must understand the human impacts on the climate and why there is such a great need for 
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change. From the book Dire Predictions: Understanding Global Warming written by Michael 
Mann and Lee Kump it states, “The main human impact on climate is an enhanced greenhouse 
effect, leading to a warming of the lower atmosphere” (19). The greenhouse effect is a naturally 
occurring process, and without it humans and other life-forms would not have evolved. The 
natural process is due to greenhouse gases, which absorb radiation emitted from Earth’s surface. 
They absorb the energy that was returning back into the atmosphere through long wave radiation. 
This warming effect is due to gases that exist naturally in Earth’s atmosphere in the form of 
water vapor, carbon dioxide, methane, and other trace gases, but recently, human impacts have 
dramatically increased these natural gases. 
High concentrations of carbon dioxide and methane are primarily a result of the burning 
of fossil fuels, deforestation, and agricultural processes. Human activity increased these naturally 
occurring gases like carbon dioxide and methane, but they have also increased concentrations of 
human produced greenhouse gases like chlorofluorocarbons (CFCs) and surface ozone, which is 
found in smog and is different from the natural ozone found in the lower stratosphere (Mann and 
Kump 2009). Smokestacks in factories are a great example of anthropogenic influences on the 
greenhouse effect because paper mills and other industrial polluters release greenhouse gases in 
the form of carbon dioxide and nitrous oxide. These industrial pollutants that combine with the 
natural process of the greenhouse effect end up trapping more heat in the lower atmosphere. This 
heat leads to a feedback because the higher temperatures just lead to more evaporation and water 
vapor in the atmosphere, which is a very effective heat trapping greenhouse gas. Other projected 
feedbacks due to higher temperatures would be that snow cover is very likely to get smaller, 
letting more solar radiation heat the ground. Also, this heating is likely to melt permafrost, 
releasing more greenhouse gases like methane into the atmosphere (Dow and Downing 2006). 
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These warming feedbacks are great examples for the necessity to moderate the anthropogenic 
additions of the greenhouse effect.  
The warming of the Earth’s climate has only recently been an issue. In the book, 
Climatology, it states that, “During the 1980s and 1990s the rather elementary notion that climate 
changes over time was absorbed by the general public. Before that time many people thought 
that climate remained static even though weather varied considerably around the averages” 
(Rohli and Vega 2012, 8). With greater technology and understanding of weather processes came 
more accurate and precise climatic calculations. People became interested in climatic 
calculations of various places over time, but it has been difficult to get accurate readings of 
temperature increases because there are data biases and methodological differences. One 
problem that occurs in recording temperature is how the average is mathematically derived. If 
some weather stations count the low temperature and the high temperature for the day and then 
find the average between the two temperatures, and other weather stations find the temperature at 
every hour and then find the average of the 24 temperatures, there would be methodological error 
in the calculations. An example like this shows how there is controversy over how much Earth’s 
average temperature has risen recently. According to Climatology, “Many of these issues have 
been mathematically corrected in recorded data. Given the corrections, it is generally accepted 
that Earth’s average annual temperature has risen by about 0.4 degrees C (0.7 degrees F) over the 
past century” (Rohli and Vega 2012, 8). The rise in annual temperatures does not seem like a 
very big change, but this does not entirely account for the dramatic climate changes in cities.  
The urban locations of weather recording stations are another factor that has complicated 
the interpretation of increased warming. Many of the weather stations were put up in rural places 
on the fringes of cities, but populations have been rising and urban sprawl has swallowed up the 
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weather stations. Artificial heat coming from the urban sources has added considerable bias to 
the long term temperature records.  
The artificial heating that comes from major cities is another anthropogenic source of 
climate change that contributes to the greenhouse effect and global warming. This phenomenon 
is known as the urban heat island effect because cities are generally 1 to 5 degrees C (2 to 9 
degrees F) warmer than the surrounding rural areas (Rohli and Vega 2012). There are three 
major factors that can cause the extra urban heat. First, cities have less evaporation and 
transpiration of water from plants and soil than the countryside because of the lack of vegetation 
found in the urban environment. In the rural environment rainwater slowly percolates through the 
soil and slowly runs off to streams and lakes, but in the urban cities rainwater immediately turns 
to runoff and flows into the sewer system. Climatology states that “This leaves more available 
energy for sensible heat and less shading by trees” (Rohli and Vega 2012, 292). The water would 
normally linger at the surface and evaporate, but it is now taken away because the quick runoff 
on the impervious surfaces of city streets. The energy that was once used for evaporation creates 
a surplus for sensible heat to raise temperatures in the city environment.  
The next cause of the urban heat island effect is that buildings and streets are very 
successful at storing energy during the daytime and reemitting that energy back during the 
nighttime. The rural environments are allowed to cool down at night time much more effectively 
because they are composed of soils, grasses, shrubs, and trees and do not have materials like 
asphalt, concrete, and brick that absorb energy from the sun all day. The greater heat capacity of 
city materials absorbs more heat, and the thermal conductivity conducts the energy back into the 
atmosphere. The extra absorption and conduction of energy in cities leads to much higher 
average nighttime city temperatures compared to rural environments. Tall buildings also have a 
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major affect in the urban heat island effect because they have a canyon structure that traps and 
reflects solar radiation. This radiation is trapped in between tall buildings and they provide more 
opportunities to absorb energy compared to an open rural environment. Anthropogenic building 
materials and building geometry have a major impact on the urban heat island effect. 
 
 
 
 
 
 
The final difference between rural and urban environments that lead to higher 
temperatures is the amount of waste heat in cities. There is such a great concentration of human 
activity in major cities that waste heat originates from numerous activities such as industrial and 
domestic purposes, transportation, heating, and illumination. Climatologists Rohli and Vega 
Figure 1: This diagram represents the causes of the urban 
heat island effect. The blue boxes represent the cooling 
that would take place in rural environments with trees and 
water bodies. The red boxes indicate the anthropogenic 
heat that cities add to the environment.  
“Chromatic Cool Roofs: The Urban Heat Island Busters.”  
Graph.Ecology and the Environment. 2012. Web. 21 Feb 
2013 
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state, “Even air conditioning units give off waste heat into the atmosphere” (2012, 293). One 
could imagine that on a hot and humid day in a city like New York or Chicago, there are 
tremendous amounts of air conditioners trying to cool the insides of buildings, but what people 
do not realize is that the air conditioners remove energy from air and release it as waste heat into 
the atmosphere. In Tokyo Japan, summer heat from air conditioners pose a huge concern because 
in the Journal of Applied Meteorology and Climatology it states, “In the office areas of Chiyoda 
and Chuo Wards in the Tokyo metropolitan area in Japan, the waste heat resulting from the air 
conditioning operation is more than one-half of the sensible heat from the surface during the 
summer” (Ohashi 2006, 66). This tremendous proportion of heat generated from air conditioner 
waste heat shows how much influence the concentration of human activity has on the 
environment. The anthropogenic impact on the environment is an enormous problem in urban 
areas, and there is a need to abate the negative effects to combat the urban heat island effect.  
The northern hemisphere has a much greater concentration of people due to more land 
and great numbers of cities compared to the southern hemisphere. A National Geographic article 
states that “Over the Northern Hemisphere, 86 major metropolitan areas cover only 1.27 percent 
of the Earth's surface. But those areas consume 6.7 terawatts of energy annually—representing 
42 percent of annual global consumption” (Stone 2013). Cities already have such a colossal 
effect on the local environment, but they can also have global scale effects. Waste heat from 
these cities can travel up to heights of 2,500 feet into the atmosphere, which disturbs the jet 
stream. The jet stream is a belt of continually flowing cold air around the globe, but the heat 
from these 86 major cities interrupts the flow of the jet stream. When the warm air interacts the 
jet stream, it moves further north, and this allows parts of North America and Northern Europe to 
be warmer than expected. The places that have been influenced by the phenomena the most are 
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Siberia and Northern Canada with temperature increases of 0.8 to 1 degrees C (1.4 to 1.8 degrees 
F) (Stone 2012). The interconnections of environments are relevant when talking about the urban 
heat island effect. Many people do not understand that the actions in one place can affect the 
environment in others. The high numbers of people living in cities have been proven to have 
negative environmental impacts, and the development of mitigating techniques is addressed in 
recent history.  
 
Green Roofing: History 
The mitigating effects of vegetated rooftops are beneficial in addressing environmental 
and energy challenges in urban areas. Vegetated rooftops are known as green roofs and different 
types of these plant covered roofs have very ancient roots. In a Bioscience article it states, “The 
earliest documented roof gardens were the hanging gardens of Semiramis in what is now Syria, 
considered one of the seven wonders of the ancient world” (Oberndorfer 2007, 824). Our 
ancestors were interested in having rooftop vegetation, but it is unclear of their purpose. In more 
recent history, green roofs have been implemented for more efficient rooftops compared to 
conventional roofs. Oberndorfer states: 
The modern green roof originated at the turn of the 20th century in Germany, where 
vegetation was installed on roofs to mitigate the damaging physical effects of solar 
radiation on the roof structure. Early green roofs were also employed as fire retardant 
structures. (2007, 825) 
Today, there are similar functions of the green roof with added efficiency due to the active and 
improving environmental action in Germany. They have environmental thought, policy, and 
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technology in Germany that were sparked by the growing change in the urban environment. The 
advantages of green roofs became evident and: 
Green-roof technology was quickly embraced because of its broad-ranging 
environmental benefits, and interdisciplinary research led to technical guidelines, the first 
volume of which was published in 1982 by the Landscape, Research, Development and 
Construction Society. (Oberndorfer 2007, 825) 
The implementation of these green roofs has grown in popularity due to many helpful 
motivations. For example, the German government has offered incentives for installing green 
roofs and has become the law in some urban areas. Even though contemporary green roofing 
began in Europe, its, “Introduction into the United States started during the last decade, and has 
grown 16–50% annually during the last 5 years” (Tabares-Velasco 2012, 165). The Germans 
initiated this mitigating technology and now the basic green roof design has been studied and 
implemented in diverse regions and climates throughout the world.  
 
Green Roofing: Types 
 To understand the plethora of benefits demonstrated by vegetated rooftops, one must first 
understand the different types. The two most common types of green roofs are intensive and 
extensive (see Figure 2). Intensive green roofs are very similar to ground level gardens because 
they have thick soils and have substantial investment in plant care. The intensive green roofs 
have been constructed for international high profile hotels, business centers, and private homes 
(see Figure 3). The intensive rooftop is not only functional, but it also has high aesthetically 
pleasing properties. Extensive green roofs are different because, “They typically have shallower 
substrates, require less maintenance, and are more strictly functional in purpose than intensive 
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living roofs or roof gardens” (Oberndorfer 2007, 825). Green roofs can be very different due to 
the wide variety of climates all over the world, and the most successful have carefully selected  
plants to survive in specific areas.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: This graph depicts the major differences between extensive and intensive green 
roofs.  
 
Oberndorfer, Erica. "Green Roofs as Urban Ecosystems: Ecological Structures, Functions, and  
Services." BioScience 57.10 (2007): 823-33. Academic Search Premier. Web. 14 Feb. 2013. 
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Green Roofing: Plants 
These pictures and graphs give a better visual understanding of the differences between 
the two types of green roofs, but there is also a wide variety of plant selection involved. Intensive 
green roofs require more intense maintenance because their planting medium is much deeper 
than extensive green roofs. Due to the difference in depth of material there is a much greater 
Figure 4: These pictures show extensive green roofs. They have low substrate levels and are 
functional. 
Oberndorfer, Erica. "Green Roofs as Urban Ecosystems: Ecological Structures, Functions, and  
Services." BioScience 57.10 (2007): 823-33. Academic Search Premier. Web. 14 Feb. 2013. 
 
Figure 3: This picture shows two intensive green roofs. They have deep substrates and are a 
great use of space.  
Oberndorfer, Erica. "Green Roofs as Urban Ecosystems: Ecological Structures, Functions, and  
Services." BioScience 57.10 (2007): 823-33. Academic Search Premier. Web. 14 Feb. 2013. 
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variety and mass of plants on intensive green roofs. This is the reason for shrubs and trees on 
intensive vegetated roofs. Rooftop conditions are not exactly the most desirable place for every 
plant to survive, so specific selection is applied to certain climates and roof types. There are so 
many factors that can affect the growing of a plant on an extensive rooftop because it is so much 
different than an intensive green roof (see figure 4). Many risks are involved like, “Moisture 
stress and severe drought, extreme (usually elevated) temperatures, high light intensities, and 
high wind speeds [that] increase the risk of desiccation and physical damage to vegetation and 
substrate” (Oberndorfer 2007, 825). Due to the high stress and less maintenance required for 
plants living on extensive rooftops, there is a need for drought and stress resistant plant selection.  
There are many adaptations that extensive green roof plants need to survive. Due to the 
urban ecology, “These plants have stress-tolerant characteristics, including low, mat-forming or 
compact growth; evergreen foliage or tough, twiggy growth; and other drought-tolerance or 
avoidance strategies” (Oberndorfer 2007, 825). The stress resistant characteristics allow the 
plants to survive in some very harsh conditions, and water storage capacity is highly desired. 
Succulent leaves are another plant adaptation that helps retain water for extended periods of 
time. Green roof communities must have a dynamic relationship with the environment and the 
climate, and people have been endeavoring to figure out the best suitable plants.  
Since the beginning of modern green roof technology in Germany, many scientists have 
been doing research to determine the best appropriate plants for green roofs. There is such a 
diverse amount of climatic conditions throughout the world, and to make green roofs more 
successful it is imperative to understand which plants will work in different areas. There was an 
experiment conducted in 1985 by Heinze where different combinations of sedum species, 
grasses, and herbaceous perennials were planted in two different substrate depths and raised on 
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simulated roof platforms. The sedum species had greater survival skills compared to the other 
flora in almost all substrate depths except for very moist soils deeper than 10cm. The deep and 
moist soils allowed the taller grasses to produce unfavorable shade for the sedum species. Many 
other studies prove that the performance of sedum species is superior due to the adaptation to 
survive on thin substrate depths (Oberndorfer 2007). One would think that the native plants have 
already survived and adapted to the local environment and would be the most successful for 
extensive green roof vegetation, but sedum has still proven to be the most resilient.  
 The very harsh conditions of the rooftop environment have proven to be too intense for 
local plants to survive. A University of Michigan study compared native species to sedum 
species on a green roof. The result of this experiment ended with only 4 out of the 18 native 
prairie grasses surviving while all nonnative sedum plants survived (Oberndorfer 2007). This 
shows that even though there is a recent concern with local ecology and the conservation of 
native species, there is a need for wise plant selection on green roofs in order to be successful 
(see figure 5). Even though sedum is the most popular for green roof technology today, there are 
virtually endless possibilities for green roofs considering the climate, substrate depth, and 
irrigation.  
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Green Roofing: Substrate 
The substrate material is critical for proper plant selection for green roofs. There is a certain 
desired composition under the vegetation level to enhance the effectiveness of the green roof. 
According to Kristin Getter and Bradley Rowe, the desired make-up of the substrate level should 
be, “A balance of lightweight, well-drained material, has adequate water and nutrient holding 
capacity, and will not break down over time” (2006, 1280). The material has to be lightweight 
because it would be structurally hazardous to buildings by adding a heavy soil layer underneath 
the vegetation level. The material has to be well drained because if it is not, it will retain too 
much water that will also add too much weight to the building. Lastly, the substrate level has to 
not break down over time because it is not feasible to replace the substrate on a rooftop often. A 
way to avoid having to replace the substrate is by not having a lot of compost because it will 
decompose and shrink in size (see figure 7). Substrate composition will depend on what is 
Figure 5 (Left): This is a close-up of the sedum 
species, showing succulent leaves to retain water 
Figure 6 (Right): Low-lying sedum species on the 
rooftop 
Oberndorfer, Erica. "Green Roofs as Urban Ecosystems:  
 Ecological Structures, Functions, and  
Services." BioScience 57.10 (2007): 823-33. Academic 
Search Premier. Web. 14 Feb. 2013. 
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locally available and can be moderated for plant selection, climatic zone, and amount of 
maintenance (Getter and Rowe 2006).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Green Roofing: Benefits- Storm Water 
Many aspects of the green roof have been addressed so far such as: history, origin, 
different types, vegetation, and substrate preferences. Now, it is important to understand the 
myriad of benefits that result from vegetated rooftops such as storm water management, energy 
Figure 7: This diagram represents the different layers that are composed on a green 
roof. The diagram also represents three different types of installation techniques 
for a green roof. (A) Represents a complete green roof where all vegetation is 
connected to one another. (B) Represents a modular green roof where different 
sections are divided. (C) Represents a precultivated vegetation blanket. This 
technique is when all aspects of the green roof are already prepared, and they are 
rolled out on the top of the roof.   
Oberndorfer, Erica. "Green Roofs as Urban Ecosystems: Ecological Structures, Functions, and  
Services." BioScience 57.10 (2007): 823-33. Academic Search Premier. Web. 14 Feb. 
2013. 
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conservation, mitigation of the urban heat island effect, increase longevity of rooftop 
membranes, along with an aesthetically pleasing urban environment. Recent super-storms like 
hurricane Sandy or George show that higher temperatures are adding more energy into storms. 
Storms are getting more powerful owing to the increased heat from anthropogenic sources there 
is a need for change. This change can come in the form of stricter emission policies, more 
investment in renewable energy, and even the mitigating effects of green roofs.  
 The first benefit that results from altering a normal rooftop to a vegetated rooftop is storm 
water management. Discussed earlier, the runoff created by the urban impermeable surface 
creates immense problems for runoff water. When it rains, there is no place for the water to soak 
into before it flows to a body of water or sewer. This heavy runoff places a burden on existing 
storm water management systems and can overflow contaminated water into rivers and lakes. 
Normal sewage and water management plants can take up a lot of surface area that modern urban 
intensive areas cannot support. The urban environment needs to change their conventional 
rooftops to green roofs because the space is already unexploited and it can reduce runoff before it 
even reaches the ground (Oberndorfer 2007).  
There are many different factors that can affect the amount of runoff reduction that 
occurs on a vegetated rooftop: slope, substrate depth, plant species, and weather conditions such 
as rainfall and intensity (Getter and Rowe 2006). The green roofs that have a higher slope and a 
smaller substrate depth allow more runoff, but they are still more effective at runoff reduction 
than conventional rooftops. Instead of flowing off into the storm water management systems like 
constructed reservoirs or ponds, green roofs hold the water in their soil until it is saturated. When 
the substrate level is completely saturated, the most runoff occurs on green roofs, which still 
delays the water from reaching the storm reservoirs and sewers because it takes time to become 
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completely saturated. Even if storm water systems need to process water it will be at a slower 
flow rate, which will reduce the chances of overflow. Although it is difficult to get an exact 
number, green roofs have proven to reduce the amount of runoff on a building by as much as 
60% to 79% (Oberndorfer 2007). Green roofs effectively counter the negative influences of the 
impervious urban surface, and from an article in Hortscience Deutsch and Colleagues (2005) 
Calculated that if 20% of all buildings in Washington D.C., that could support a green 
roof had one, that they would add more than 71 million liters to the city’s storm water 
storage capacity and store about 958 million liters of rainwater in an average year. (Getter 
and Rowe 2006, 1278) 
This example shows that the mitigating effects of green roofs can dramatically reduce the 
amount of runoff in major cities like Washington, DC. When there are major storms, like the 
recent hurricanes that have hit the East coast of the United States, large urban environments need 
help to combat the large discharge of storm runoff. An article from the New York Times states 
that “Hurricane Sandy’s storm surge swamped motors and shorted out electrical equipment in 
some plants, halting the flow and forcing sewage to back up and leak. Other facilities were 
simply overwhelmed by the volume of water coming through the system” (Schwirtz 2013). If 
green roofs were implemented they could greatly address the negative impacts of untreated 
sewage water overflowing out of water treatment plants due to an excess of storm runoff.  
 
Green Roofing: Benefits- Energy Saving 
The next major benefit of converting conventional rooftops to green roofs is energy 
conservation. Green roofs promote cooling of structures because they increase 
evapotranspiration, shade, and insulation. The urban heat island effect was discussed earlier and 
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provided information as to why urban centers are creating environmental problems. 
Concentrations of people increase the temperature, leading to more energy use. Urban cities 
consume huge amounts of energy because, “Buildings consume 36% of total energy use and 
65% total electricity consumption” (Getter and Rowe 2006, 1279). Green roof implementation 
would result in beneficial energy saving because improved building insulation lowers outdoor 
and indoor temperatures. “Every decrease in internal building air temperature of 0.5 degrees C 
may reduce electricity use for air conditioning up to 8%” (Getter and Rowe 2006, 1279). The 
reduction of air conditioning in major buildings can reduce energy and electricity consumption if 
conventional roofs are transformed to vegetated rooftops.  
The city of Chicago, Illinois is already doing a great job in the reduction of energy due to 
green roof applications. For example, it was estimated that in 2003, with the addition of a green 
roof, the Chicago city hall building would have energy savings alone of 4,000 dollars annually 
for the combined heating and cooling. It was also estimated that a 100,000,000 dollar annual 
savings in energy would result from the whole city of Chicago having green roofs (Getter and 
Rowe 2006). These studies demonstrate not only cost savings, but they also show that green 
roofs can mitigate the urban heat island effect. Green roofs are not the only technique associated 
with energy consumption (insulation can have similar effects), but vegetated rooftops have many 
more environmental and aesthetic benefits that it makes their use very attractive.  
 
Green Roofing: Benefits- Roof Longevity: 
The next benefit is that they provide increased longevity of rooftop membranes. Just as 
the effects of moderating temperatures helped with energy conservation and the urban heat island 
effect, the moderating of temperatures also lengthens lifetime of the rooftop. A non-green roof 
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usually has a waterproofing substance that is constantly undergoing stress due to the pounding of 
ultraviolet light on its surface during the day and the cooling of the membrane at night. This 
constant change in diurnal temperature causes the rooftop to expand and contract in a much more 
dramatic fashion than a vegetated rooftop. Vegetated rooftops have plants and substrate that 
protect the rooftop membrane from the constant stress of hot and cold temperatures.  
Studies have demonstrated the increased durability of the green roof and how it can 
reduce diurnal fluctuations in temperatures compared to normal roofs. Experiments have tested 
the longevity of the green roof, and they have been shown to improve rooftop effectiveness by 
more than 20 years. Some European green roofs have lasted 90 years with little requirement of 
repairs. 90 years with little repair on a rooftop is incredible because there are so many climate 
related problems that can affect the surface of the roof. The Institute for Research in 
Construction stated that in a study on green roofs in Ottawa, Canada, summer temperatures of 
only 30 degrees C were recorded on green roofs, while the surface temperature of an un-
vegetated reference roof recorded temperatures higher than 70 degrees C. The conventional 
reference roof reached 30 degrees C on 342 out of the 660 days of the study while the vegetated 
rooftop of the vegetated roof only reached that temperature on 18 days (Oberndorfer 2007). 
Green roofs can reduce the dramatic diurnal difference in temperatures and reduce costs and 
maintenance. 
 
Green Roofing: Benefits- Aesthetics 
The last benefit relates to the aesthetically pleasing aspect of seeing plants on a rooftop 
compared to seeing air conditioner vents on top of a tar-like substance. People in urban centers 
are usually living amongst so many fast moving people in a rush to their job or an appointment. 
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When people are always in a rush in a big city, they seldom have the chance to look at green 
plants and trees, and when, “Humans view green plants and nature, it has beneficial health 
effects, such as reducing stress, lowering blood pressure, releasing muscle tension, and 
increasing positive feelings” (Getter and Rowe 2006, 1279). In a work environment these 
benefits can translate into increased worker productivity, and in a household environment they 
can relate to increased positive feelings. If a person is working in an office building with a view 
of a tar parking lot, and another person is working in the same office building with a view of a 
green roof garden, one would believe that the latter would have much less stress and higher 
worker productivity. Studies have been shown to prove that patients have a faster recovery time 
when green plants are visible.  
 
Alternatives to Green Roofing 
There are two rooftop techniques that are also very rewarding as substitutes to the green 
roof. The first substitute is the low albedo rooftop. This has similar cooling effects as the green 
roof because it reflects solar radiation instead of absorbing the energy on a conventional dark 
surface roof. The low albedo rooftop would be a low cost environmental benefit because it can 
reduce interior temperatures and help reduce the urban heat island effect.  
The next substitute for the green roof is similar to a vegetated rooftop, but it is for a 
different purpose: rooftop gardening. Rooftop gardens are a great way to eat local and fresh food 
that is affordable. This can reduce the stress of low income people living in level apartments in 
major cities that do not have enough money for fresh food at the grocery store (see figure 8). 
There are new organizations to promote eating healthy and local foods in a city environment. A 
New York Times article states, “GrowNYC will tutor residents on gardening and offer healthy-
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eating seminars and cooking demonstrations using fresh produce grown onsite” (Gregor 2013). 
GrowNYC promotes healthy eating and locally grown food on rooftops. This not only can help 
with the same benefits of the green roof, but it can also address the obesity problem in the United 
States by giving people healthier foods to eat and making people get out of their seats and 
garden. Instead of installing a green roof, a roof garden or a low albedo roof would be a very 
good environmentally friendly substitute.  
   
  
 
 
 
 
 
Conclusion 
 The mitigating effects of vegetated rooftops address the environmental and energy 
challenges in urban areas. Rural environments are transformed into urban centers with heavy 
concentrations of people, and green roofs can mitigate the negative anthropogenic influences on 
the environment. The impervious surfaces of buildings, sidewalks, and parking lots allow storm 
runoff to create hazardous environmental factors, but green roofs can help retain, transpire, and 
evaporate the water before it runs into water treatment plants. Green roofs help reduce the 
interior temperatures of buildings by insulating the rooftop, leading to much lower energy 
consumption and costs. Green roofs can also mitigate the urban heat island effect by causing 
more evapotranspiration, leading to more outside cooling from latent heat of production. 
Figure 8: this rooftop garden is in Bronx, 
New York and presents the healthy eating 
available by rooftop gardens.  
Gregor, Alison. "Healthier Eating Starts on the  
Roof." New York Times 8 Apr. 2012:  
 7(L). Academic OneFile.Web. 21 Feb. 2013. 
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Increasing the longevity of the rooftop membrane is another environmental benefit because it 
reduces the stress from diurnal changes in temperatures on the rooftop membrane. This reduces 
the costs of having to change or repair the roof frequently and also reduces the need to repair or 
replace the roof. Green roofs are not only environmentally beneficial, but they also provide an 
aesthetically pleasing environment because plants have a psychological stress reducing factor. 
With so many great benefits to the environment and people, green roof implementation is a 
necessity for the future.  
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